Introduction
The International Conference on Harmonization (ICH) drug stability test guideline Q1A (R2) requires that analysis of stability samples should be done through the use of validated stability-indicating analytical methods. It also recommends carrying out of stress testing on this drug substance to establish its inherent stability characteristics and to support the suitability of the proposed analytical procedure [1] [2] [3] [4] [5] [6] [7] . The objective of reducing analysis time and maintaining good efficiency, there has been substantial focus on high-speed chromatographic separations. Recently, commercially available an innovative ultra performance liquid chromatography (UPLC) has proven to be one of the most promising developments in the area of fast chromatographic separations. In this work comparative reverse phase chromatographic stability indicating assay method was developed using UPLC and HPLC for Telmisartan bulk drug. Telmisartan is an angiotensin II receptor antagonist (ARB) used in the management of hypertension. Generally, angiotensin II receptor blockers (ARBs) such as telmisartan bind to the angiotensin II type 1 (AT1) receptors with high affinity, causing inhibition of the action of angiotensin II on vascular smooth muscle, ultimately leading to a reduction in arterial blood pressure. Recent studies suggest that telmisartan may also have PPAR-gamma agonistic properties that could potentially confer beneficial metabolic effects. The chemical name is 2-(4-{[4-methyl-6-(1-methyl-1H-1,3benzodiazol-2-yl)-2-propyl-1H-1,3-benzodiazol-1-yl ]methyl}phenyl) benzoic acid ( Figure 1 ) [8] [9] .
In order to enhance chromatographic performances in terms of efficiency and rapidity, LC has recently evolved in the development of short columns packed with small particles (sub-2 µm) working at high pressures (>400 bar). Advantages of small particles working at high pressure will be discussed in terms of sensitivity, efficiency, resolution, and analysis time. Potential problems encountered with high pressure in terms of frictional heating and solvent compressibility will also be discussed even if systems working at a maximum pressure of 1000 bar are not influenced by these parameters and give reliable and reproducible results. According to the chromatographic performances afforded by small particles, the latter can be used for two main objectives. First, small particles can be used to perform fast and ultra-fast analyses since a good efficiency can be maintained with short columns and at high flow rate. Second, high resolution can be generated with longer columns, close to the optimal flow-rate. As reported for monoliths, high efficiency is needed in several domains (proteomics and metabolomics) [10] [11] [12] [13] .
In the literature, a few methods have been reported for the estimation of Telmisartan by spectrophotometric methods [14] , HPLC [15, 16] , LC-MS/MS [17, 18] . The major objective of the present work is to develop stress degradation studies of Telmisartan under different ICH recommended stress conditions, and to establish a validated stability-indicating UPLC/HPLC method for reducing analysis time and solvents. So far to our knowledge there was no method reported for comparative UPLC/HPLC method yet, on the development of stability-indicating assay method for this drug.
Experimental Chemicals
Telmisartan was obtained as a gratis sample from jubilant organosys (Noida, India). Analytical reagent (AR) Sodium hydroxide and hydrogen peroxide were purchased from S.D. Fine-chem. Hydrochloric acid and acetonitrile (99.8%) was from Merck India (Mumbai). All other chemicals were of analytical grade.
Instrumentation
Ultra performance liquid chromatography: UPLC was performed using a Waters Acquity System equipped with binary solvent delivery pump, an auto sampler and PDA detector. The chromatographic separation was performed using a Waters Acquity BEH 150×2.1 mm, 1.7 μm, C18 column. The mobile phase containing a mixture of acetonitrile and water in the ratio of 70:30 (v/v) at a flow rate of 0.2 mL min −1 was used. The detection was obtained at a wavelength of 230 nm. The injection volume was 2 μL; mobile phase was used as a diluent while the column was maintained at 30ºC. Forced degradation studies were carried out with a photo diode array detector.
High performance liquid chromatography: The HPLC system used for chromatographic development was shimadzu, separation module with a PDA detector. HPLC system (Shimadzu, Japan) consisted of a LC-10AT VP pump, a SPD-10AVP, PDA detector, a phenomenex C18 (250mm×4.6mm, 5 μm) column, a Phenomenex, HPLC guard cartridge system and a Class LC10/M10A software. Mobile phase consisting of acetonitrile and buffer (10mM ammonium acetate, pH 4.5) in the ratio 80:20 (v/v) in an isocratic mode with the flow rate of 1.0 mL min −1 was employed at ambient temperature. The injection volume was 20 μL while detector was set at 230 nm.
Others: pH of the mobile phase was checked on microprocessor water proof pH tester (pH tester 20, eutech instruments, oakton, USA). The overall illumination at the point of placement of samples was 6000 lux, which was tested using a calibrated lux meter (Lutron LX-102 digital light meter, Marcucci S.P.A, vignate, Milan). Thermal stability study was performed in a hot air oven (Oven universal with thermotech thermostat TIC-4000N, S.M. Industries, New Delhi, India).
Degradation studies
Stress studies were performed under conditions of dry heat (thermal studies), hydrolysis (acidic, alkaline and neutral), oxidation, and photolysis, as mentioned in ICH Q1A (R2) [1] [2] [3] [4] . The approach suggested by Singh and Bakshi was adopted for these studies. A minimum of four samples were generated for every stress condition, viz., blank solution stored under normal conditions, the blank subjected to stress in the same manner as this drug (Telmisartan), a zero time sample containing this drug (which was stored under normal conditions), and this drug solution subjected to stress treatment. Hydrolytic decomposition of Telmisartan was conducted at 80ºC in 0.1 M HCl, water, and 0.1 M NaOH at a drug concentration of 2 mg mL −1 until sufficient degradation (~20% of initial amount) of this drug was achieved. For oxidative stress studies, Telmisartan was dissolved at a concentration of 3 mg mL −1 in 30% H 2 O 2 and kept for two days at room temperature. Photolytic studies of the dry drug and this drug in solution in acetonitrile at a concentration of 2 mg mL −1 were performed by exposure to sunlight during the daytime (60,000-70,000 lux) for 2 days.
Chromatography and development of a stability-indicating method
UPLC was performed with a binary solvent delivery pump, an auto sampler, and PDA detector of Acquity UPLC system manufactured by Waters Corporation, Milford, Massachusetts, USA; data were acquired and processed using Empower software. An initial literature search revealed that some reported HPLC methods for Telmisartan were developed on either C8 or C18 columns, using different temperature conditions. Peak shapes were not good and there was substantial tailing. So, attempts were made to develop a simple method on an advanced BEH C18 column, with possible lowering of retention time at 30°C column temperature. Separations were achieved using isocratic elution. Before use, the mobile phase was filtered through 0.22 μm PTFE membranes and degassed. The injection volume was 2 μL and the mobile phase flow rate kept constant at 0.2 mL min −1 . The detection wavelength was 230 nm; PDA analysis was conducted to study the behaviour at other wavelengths. First, UPLC studies were performed on all reaction solutions individually, and then on a mixture of degraded drug solutions. Different conditions, for example pH, mobile phase composition, and column temperature were varied to obtain good separation between this drug and the degradation products. Methanol was avoided during the study because of its significant absorption at the detection wavelength of this drug between 210 and 215 nm. Acquity UPLC BEH C18 column (1.7 µm, 2.1 mm×150 mm) stainless steel analytical column was used as stationary phase. In order to determine the method is stability indicating, forced degradation studies were conducted on Telmisartan powder. The analysis was carried out by UPLC with a PDA detector at a wavelength of 230.2 µL of each of forced degradation samples were injected at regular intervals.
HPLC chromatographic analysis was performed at ambient temperature on a Phenomenex (C-18) analytical column with a mobile phase composed of buffer (10 mM Amm.Acetate buffer pH 4.5): acetonitrile (70:30, v/v) and was isocratically eluted at a flow rate of 1.0 mL min -1 . A small sample volume of 20 μL was used for each sample run, being injected into the HPLC system. The chromatogram was monitored with UV detection at a wavelength of 230 nm.
an acceptable shape at column temperatures <30°C and acidic pH. The best separation was achieved on the same column at 30°C using the mobile phase acetonitrile : water (70:30) in an isocratic mode. The flow rate was kept at 0.2 mL min −1 at constant volume 2 μL and the detection wavelength was 230 nm. UPLC studies on Telmisartan under different stress conditions suggested the following degradation behaviors Alkaline hydrolysis: This drug Telmisartan gradually degraded with time on heating at 80ºC in 0.1 M NaOH after 08 hours, forming degradation products shown in chromatogram. This drug showed susceptible behavior towards alkaline stress and it was observed that around 60% of degradation and the rate of hydrolysis in alkaline were faster as compared to that of acid. In a mixture of stressed samples the degradation products appeared at RR T 1.105, 1.465 pertaining to DP II and DP IV.
Acidic condition:
It was observed that around 30% of this drug degraded on heating at 80ºC it in 0.1M HCl for 08 hours. In acidic hydrolysis, one peak of degradation product was observed at R T 1.246 along with this drug peak at R T 1.639, in mixture of stressed samples the degradation products appeared at RR T 0.760 pertaining to DP I.
Validation of the method
The method was validated in accordance with ICH guidelines Q2 (R1). To establish linearity and range, a stock solution containing 1 mg mL −1 drug in acetonitrile was diluted to yield solutions in the concentration range 10-50 μg mL −1 . The solutions were injected in triplicate using water-acetonitrile as mobile phase and keeping the injection volume constant (2 μL). To assess precision, six injections of five different concentrations (10, 20, 30, 40 , and 50 μg mL −1 ) were made on the same day and intra-day precision was determined as relative standard deviation. These studies were also repeated on different days to determine inter-day precision. Accuracy was evaluated by fortifying a mixture of decomposed reaction solutions with five known concentrations of this drug and recovery of the added drug was evaluated. The specificity of the method for this drug was established by study of the resolution factor of this drug peak from the nearest other peak. Overall selectivity was established by determination of purity for each degradation product peak by use of PDA detector. Robustness was assessed by changing the temperature of column. Method detection limit (MDL) and method quantification limit (MQL) were determined experimentally, by analysis of samples spiked with decreasing concentrations of the analytes. MDL was defined as the smallest amount of an analyte that can be reliably detected or differentiated from the background for a particular matrix (by a specific method). MQL was calculated as the smallest amount of an analyte that can be reliably quantified with a certain degree of reliability within a particular matrix (by a specific method). In chromatography methods, the limits are often set based on the ratio between the analyte signal and the baseline noise (for example, MDL = Height/Noise ratio of 3, MQL = Height/Noise ratio of 10).
Results and Discussion

UPLC and HPLC studies on the stressed solutions
The forced-degradation study shows that Telmisartan degraded under acid, alkali, neutral & oxidative stresses. The specificity and selectivity of the method with the samples under these stresses were demonstrated through the evaluation of R T , RR T , resolution, and purity data for all peaks in the chromatograms. Telmisartan did not degrade under thermal & photolytic stress conditions. In a mixture of solution, total five degradation products were formed. The retention times (R T ) and relative retention times (RR T ) of this drug and the degradation products are given in Table 1 for UPLC and HPLC. This drug and degradation products carry the notations DP I, DP II, DP III, DP IV and Telmisartan in accordance with the sequence in which the peaks appeared from left to right on UPLC and HPLC chromatogram (mixture of stressed sample) ( Figure 2 ). Ultra-performance liquid chromatography (UPLC) is a new category of separation technique based upon well-established principles of liquid chromatography, which utilizes sub-1.7 µ particles for stationary phase. These particles operate at elevated mobile phase linear velocities to affect dramatic increase in resolution, sensitivity and speed of analysis.Development and optimization of the method UPLC: Initially, this drug was analyzed on a BEH C18 column (150 mm × 2.1 mm, 1.7 μm particle) using acetonitrile: water (50:50) as mobile phase at a flow rate of 0.2 mL min −1 and a column temperature of 25°C. Under these conditions, the shape of this drug peak was not good. Subsequent trials were made on stressed samples using different amounts of acetonitrile, pH, and temperature. The peaks for this drug and the degradation products were not well separated or did not have 
RR T = Relative retention time R T = Retention time (minutes)
Photolytic degradation:
There was no degradation products found in photolytic study.
Validation of developed stability-indicating method:
The response for this drug was strictly linear in the concentration range between 10 and 60 µg mL -1 . The linearity study data are given in Table  2 .
Regression equation Y=4129X+2659
(UPLC r 2 =0.999, intercept= 2659) Y=59862X+37304 (HPLC r 2 =0.999, intercept=37304) Y=AUC, X=conc. in µg mL -1 The data obtained from precision experiments are given in Table 3 for intra and inter day precision studies. The %R.S.D. values for intraday precision study and for inter-day study were <1.0% confirming that the method was sufficiently precise. Excellent recoveries were made at each added concentration shown in Table 4 . Figure 2 shows that the method was sufficiently specific to this drug. The USP resolution factor for this drug peak was >2 from the nearest resolving peak. The method was found to be robust by varying the temperature of column as shown in Table 5 . Good separations were always achieved, indicating that the method remained selective for all components under the tested conditions as shown in Figure 2 . The influence of retention time for different degradation products (UPLC/HPLC) has been depicts in Figure 3 .
The MDL and MQL were found to be 0.250 µg mL -1 and 1.20 µg mL -1 for UPLC and 0.600 µg/ml and 1.900 µg/ml respectively for HPLC.
Neutral hydrolysis:
Neutral hydrolysis was carried out by keeping drug in water at 80°C for 2 days. No degradation was observed.
Oxidative degradation: A degradation product was observed on exposure of this drug to 30% H 2 O 2 for 2 days, showing that it was more stable to oxidation than to hydrolytic stress conditions. In mixture of stressed samples, the degradation product appeared at RR T 1.323 pertaining to DP III.
Solid-state study:
There was no significant degradation of solid Telmisartan on exposure to a dry heat at 50°C for 1 month, which indicates that this drug was stable against thermal stress. After 1 month no extra peak other than this drug was seen.
Photolytic degradation: Drug remains stable even after exposure to direct sunlight for 2 days ~70,000-80,000 lux sun exposures.
HPLC:
As UPLC, the same degradation products were appeared in HPLC also.
Alkaline condition:
In a mixture of stressed samples the degradation products appeared at RR T 1.264(DP II) & 2.921(DP IV).
Acidic hydrolysis:
In a mixture of stressed samples the degradation product appeared at RR T 0.737 (DP I).
Neutral hydrolysis: No additional peak was found, showing stable behavior in water.
Oxidative degradation: In a mixture of stressed samples the degradation product appeared at RR T 2.158 (DP III).
Solid-state study:
No degradation was observed showing that it was stable against thermal stress. 
UPLC HPLC
Concentration
Comparison study of chromatographic performance
A comparative data on chromatographic performance of HPLC (isocratic) and UPLC (isocratic) has been obtained by injecting a mixture of stressed solution of Telmisartan (30 µg mL -1 ). The performance parameters and purity data of both the systems are shown in Table 6 . It is observed that the elution time of pure Telmisartan and degradation products in UPLC was reduced by 6-fold to that of isocratic mode HPLC. The resolution and theoretical plates obtained for Telmisartan and degradation products in UPLC showed comparatively better separation efficiency than HPLC. The typical chromatograms obtained from final HPLC and UPLC conditions are depicted in Figure 2 .
Conclusions
The newly developed UPLC method for stability indicating assay methods of Telmisartan was found to be capable of giving faster retention times maintaining good resolution than that achieved with conventional HPLC. Stress testing (or forced degradation studies) is an important part of this drug-development process and the pharmaceutical industry has much interest in this area. Although the concept of stress testing is not new to the pharmaceutical industry, the procedure was not clearly defined until the International Conference on Harmonization (ICH) provided a definition in its guidance on stability. The ICH guideline indicates that stress testing is designed to help "To determine the intrinsic stability of the molecule by establishing degradation pathways in order to identify the likely degradation products and to validate the stability indicating power of the analytical procedures used". In this work a validated stability-indicating method was developed for analysis of Telmisartan in the presence of its degradation products. To best describe the effects of each degradation medium, the effects can be categorized in decreasing susceptibility as alkaline>acidic >oxidative> neutral~thermal~photo degradation. The specificity and selectivity of the method with the samples under these stresses was demonstrated through the evaluation of R T , RR T , resolution, and purity data for all peaks in the chromatograms using PDA detector. Telmisartan did not degrade on neutral, thermal & photolytic stresses. In a mixture of solution, total four degradation products were formed.
In the present work, a UPLC and HPLC method was used to assess degradation products peaks during a stress testing analysis of Telmisartan drug substance. The newly developed UPLC method for separation of different degradation products along with the pure drug of Telmisartan was found to be capable of giving faster retention times while still maintaining good resolution than that achieved with conventional HPLC. The method was completely validated showing satisfactory data for all the parameters tested. This method exhibited an S.D. = Standard deviation R.S.D. =Relative standard deviation excellent performance in terms of sensitivity and speed. It is a stability indicating method suitable for rapid analysis of Telmisartan bulk drug. The method demonstrated linearity over a large range of concentration as automatically calculated by Empower 2. The calibration curve was used to establish the concentration behavior of Telmisartan when subjected to the various stress conditions. The method proved to be simple, accurate, precise, specific and selective. It is hoped that this report on development of a stability-indicating method for analysis of Telmisartan will be helpful for manufacturers of this drug and its combination around the globe by saving them from unnecessarily performing similar studies. 
